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DISTILLATION METHOD 

[0001] The invention relates to a method of distillation, especially of ethanol from a 

mash. 

[0002] In a conventional method of distillation and dehydration of ethanol from a beer 

mash, which contains about 10% ethanol, 85% water, and 5% solids, the mash is preheated 
and fed into a first distillation column. In the first distillation column, the mash is 
concentrated by evaporation, and the solids are removed as a bottom product together with 
water. A portion of the bottom product is usually returned to the distillation column after 
heating (reboiler) . 

[0003] The first distillate in the form of a vapor, which still contains water, ethanol, 

and fusel oils, is fed, possibly via a collecting and mixing tank, into a second distillation 
column, which is designed as a rectifying column. A more extensive separation is carried out 
in this rectifying column, and the fusel oils are removed in a sidestream. Of the water 
separated as bottom product in the second distillation column, a small fraction is returned to 
the rectifying column after heating (reboiler), and the remainder is removed, so that it is 
eliminated from the production process. The distillate of the second distillation column, 
which, as before, contains water and ethanol, can be partly returned to the first and second 
distillation columns, possibly via the aforementioned collecting tank. 

[0004] Most of the ethanol/water mixture that constitutes the second distillate and 

contains about 95% ethanol and 5% water is subjected to a final dehydration, which yields 
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ethanol that is as pure as possible with a purity of 99 to 99.8%. This last dehydration is 
carried out with molecular sieves, in which crystalline zeolites adsorb H2O molecules like a 
sponge. 

[0005] However, the zeolites of a molecular sieve quickly become saturated with water. 

Therefore, the water-saturated zeolites must be regenerated to achieve constant dehydration. 
Consequently, molecular sieves are usually used in pairs. Highly pure ethanol can then be 
made available by a first, active molecular sieve, and this ethanol can also be used for 
regenerating a second, passive molecular sieve. In the regeneration of a passive molecular 
sieve, the ethanol used for this purpose can be returned to a distillation column, and this return 
flow can amount to about 30% of the pure ethanol obtained from the active molecular sieve. 
In this process, the constant change of the pressure load of the molecular sieves causes dust- 
like abrasion of the filler material. This loads downstream stages of the installation, which 
must be completely replaced on a periodic basis. This has unfavorable consequences for 
capital expenditures and operating costs. 

[0006] The dehydration of ethanol is an energy-intensive process. Especially the 

concentration of the mash by evaporation in the first distillation column and the necessity of 
large amounts of distillate reflux result in considerable operating costs and capital 
expenditures. In addition, it is necessary to achieve a high degree of purity of the 
ethanol/water mixture of about 90-95 % before a treatment with molecular sieves can be carried 
out, so that the mixture of substances must be rectified to bring it as close as possible to the 
azeotropic point, which results in very high equipment expense and operating costs. 
Consequently, a large number of separating stages and a high level of reflux are necessary in 



2 



the rectifying column. 

[0007] Proceeding from this technical background, an object of the invention is to 

develop a distillation method that significantly improves the economy of the process, especially 
with respect to the dehydration of ethanol from a mash. 

[0008] To solve this technical problem, a method of distillation, especially of ethanol 

from a mash, is proposed, in which feed is supplied to a first distillation column (often referred 
to as a stripper), and a distillate of the first distillation column is fed into a second distillation 
column (a rectifying column), and which is characterized, in accordance with Claim 1, by the 
fact that in a first and/or last process step, the feed and/or a distillate of the second distillation 
column is purified by a membrane separation process. 

[0009] Many different membrane separation processes are known and have been proven 

effective. Advantageously, no phase changes of the treated product occur in most membrane 
separation processes during the separation, and no quantities of latent energy from this source 
are moved. Furthermore, the membranes themselves are inert even towards the components of 
the mixture of substances, so there is no additional contamination by material separating aids in 
the product. This also eliminates the need for a subsequent purification of the product by 
removal of these contaminating separating aids. In addition, regeneration of separation devices 
of this type is unnecessary. 

[0010] Preferred membrane separation processes are the so-called membrane processes, 

and of these, membrane filtration is preferably used, especially for a treatment of the feed, 
especially a beer mash, in the production of ethanol. This membrane filtration, e.g., of the 
mash, then makes available a purely liquid ethanol/water/fusel oil mixture as the permeate. 
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The remaining retentate with an increased mash slurry fraction is preferably preheated and then 
fed into the first distillation column in the usual way. 

[0011] Dynamic crossflow membrane filtration can be used in an advantageous way. In 

this technique, membrane disks are mounted on rotating hollow shafts, such that the membrane 
disks of the different shafts overlap. A product flows against the membrane disks from the 
outside, and the permeate permeates through the membrane to the inside of the disk and is 
removed through the hollow shaft. Membrane fouling or obstruction is significantly reduced 
by the relative speed between the disks and the product that is produced by the rotation of the 
disks and is further reduced by the high level of turbulence in the regions of the overlapping of 
membrane disks. This results in an increased specific permeate output and a reduced energy 
consumption per unit of permeate. In addition, the purification cycles are significantly longer 
than in other membrane processes, which increases the availability and reduces the operating 
costs. 

[0012] The permeate of the membrane separation process of the feed bypasses the first 

distillation column and is fed directly into the second distillation column. Especially in the 
case of the production of ethanol from a beer mash, the permeate of the membrane separation 
process already has essentially the same composition as the distillate of the first distillation 
column. Accordingly, the permeate does not need to pass through the process step of the first 
distillation column and can be fed directly into the second distillation column. 
[0013] This already results in considerable energy savings, since this permeate that is 

fed into the second distillation column no longer has to be completely evaporated by 
conventional methods in the first distillation column. This is the case especially when the 
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quantitative ratio of the retentate to the permeate is between 1 and 8 . 

[0014] It is also an advantage from the chemical-engineering standpoint if the permeate 

of the membrane separation process of the feed is fed as a mixture with the first distillate into 
the second distillation column. This measure allows the second distillation column to be fed in 
an evenly controlled way, and discharge fluctuations of the first distillation column and the 
membrane separation process can be compensated. Alternatively, the permeate of the 
membrane separation process of the feed and the distillate of the first distillation column can 
each be fed separately into the second distillation column. 

[0015] Depending on the design of the method of the invention, the mixture is fed as 

feed into the second distillation column, or the separately supplied permeate and/or distillate of 
the first distillation column is supplied to the second distillation column at a comparatively high 
temperature, for example, at a temperature of 120°C, but preferably the feed is present to the 
greatest possible extent in the liquid phase, in contrast to feed in the form of a vapor at the dew 
point in accordance with the prior art. This means that the mixture is maintained in the liquid 
state at the boiling point. 

[0016] In the second distillation column, water in the liquid phase is removed at the 

bottom outlet. Therefore, the method of the invention further makes it possible for the water 
fraction of the permeate of the membrane separation process of the feed to remain in the liquid 
phase in the second distillation column. In the second distillation column, therefore, only 
evaporation of the ethanol fraction of the feed mixture is still required. Compared to 
conventional methods, the evaporation energy of the water fraction can be saved, since the 
water is no longer introduced into the second distillation column as a vapor phase but rather as 
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a liquid phase and remains in the liquid phase there. 

[0017] Depending on the choice of the membrane separation process, the amount of 

liquid fed to the first distillation column is reduced by 15-50% as compared to the prior art. 
Correspondingly less energy is required for evaporation of the amount introduced there. 
[0018] Due to the measures explained above, a product with an already increased 

concentration of solids in the mash slurry is fed into the first distillation column. Despite the 
reduced amount of liquid in the feed of the first distillation column, the bottom concentration 
as well as the composition of the distillate are similar to conventional methods, but the 
concentration within the stripping column is higher. 

[0019] The distillate of the second distillation column has an ethanol concentration of 

75-95 wt.%. Even though the water concentration is still relatively high compared to 
conventional methods, which require an ethanol concentration of 90-95% before a final 
dehydration, in accordance with the invention, a final dehydration can be advantageously 
carried out by another membrane separation process, especially, once again, by a membrane 
process and, as is preferred here, by a vapor permeation. Consequently, the second distillation 
column can be inexpensively designed and operated. 

[0020] It is advantageous to provide a group of parallel-connected membrane modules 

for the final dehydration, to which the distillate of the second distillation column (rectifying 
column) is preferably fed via a superheater. The retentate of this group of membrane modules, 
especially ethanol in this case, is made available as a highly pure final product with an ethanol 
concentration of more than 99%, and especially 99-99.95 %. 

[0021] The separating effect of the membrane modules can be increased if a small 
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portion of a retentate of the membrane filter modules, which constitutes the final product, is 
fed back into each membrane filter module as a flushing stream for the permeate side. After it 
has flowed through, it is fed back with the permeate that forms into the second distillation 
column as a second feed stream. 

[0022] The flushing stream split from the retentate of the membrane modules is 

permanently returned and lowers the partial pressure of the water on the permeate side, so that 
a further improved retentate purity of up to 99.95% can be economically achieved. 
[0023] A flushing process of this type can be realized, as is preferred here, by the use 

of a so-called internal sweep stream in the form of a split stream of the retentate, or, 
alternatively, by an external sweep stream, e.g., a nitrogen stream. A common feature of both 
techniques is that the permeate is physically (convectively) discharged by an additional mass 
flow. 

[0024] Since preferably vapor permeation takes place in the membrane modules, and 

the retentate that constitutes the final product is present as a gaseous phase, the introduction of 
the flushing stream in the gaseous phase is not a problem. This must also be seen in light of 
the fact that, after a throttle, the permeate vacuum takes hold, and thus the volume flow of the 
sweep stream increases sharply, which results in improved convective countercurrent discharge 
of the permeate. 

[0025] Before being fed into the second distillation column, the permeate of the 

membrane modules can be advantageously heated by the heat of the bottom product removed 
from the second distillation column. Likewise, the heat of the final product and/or of a bottom 
product of the second distillation column can be used to preheat the retentate of the membrane 
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separation process of the feed, which can normally be accomplished by means of standard heat 
exchangers. 

[0026] A heat exchanger, especially a condenser, is also preferably provided in the feed 

line of the second distillation column, advantageously immediately before a feed inlet, for 
removing the heat that was introduced in the first distillation column for evaporation of the 
liquid but that is now excess heat. 

[0027] The method of the invention is explained in greater detail below with reference 

to the drawings, in which process sequences are only schematically illustrated: 
[0028] Fig. 1 shows a first process sequence; and 

[0029] Fig. 2 shows a second process sequence. 

[0030] Tables 1 and 2 following the drawings show the physical quantities, only as 

examples, found at the locations corresponding to reference numbers 1-10 and 31-40, wherein 
the processes according to Fig. 1 and 2 differ essentially only in their different utilization of 
the available process heat. 

[0031] Fig. 1 is a schematic representation of a system for the distillation and 

dehydration of ethanol from a feed beer mash (beer feed) 1 . 

[0032] The mash contains about 10 wt.% ethanol, 85 wt.% water, and 5 wt.% solids at 

a temperature of, e.g., 20 °C. In a membrane separation station 11, the feed is separated into a 
retentate 2 with an increased mash slurry concentration and solids and a permeate 3, which 
consists of a mixture of water, ethanol, and fusel oil that is present exclusively as a liquid 
phase. The retentate 2 with an increased mash slurry concentration and solids is heated by a 
heat exchanger 12, e.g., by 10°C, to a temperature of 30°C and fed into the first distillation 
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column 13 or stripper. 

[0033] The liquid permeate 3 of the membrane separation station 11 of the feed 1 is fed 

directly into a second distillation column 14, which is a rectifying column. 
[0034] Since the retentate 2 introduced into the first distillation column 13 has an 

increased mash slurry concentration, the first distillation column 13 can be effectively 
operated, and complete evaporation of the permeate in the first distillation column 13 is 
unnecessary, but rather a separation into an ethanol/water mixture with an increased ethanol 
fraction is carried out there. Of this mixture, ultimately only the ethanol fraction must be 
evaporated, while water and solids that accumulate at the bottom are removed from the process 
as bottom product 5 (stillage). 

[0035] A portion of the bottom product 5 can be returned to the first distillation column 

in the usual way after heating by a heat exchanger 15. 

[0036] The distillate 4 of the first distillation column 13, which has an ethanol 

concentration of, e.g., 30%, is drawn off through a heat exchanger 16 and then mixed with the 
permeate 3. The mixture 6 is fed into the second distillation column 14 at a preferably 
constant volume flow. For example, this mixture 6 has an ethanol concentration of 20 wt.% 
and a water concentration of 80 wt.% at a temperature of 120°C (see also the data in the 
tables). The mixture 6 preferably remains in the liquid phase at the boiling point. 
[0037] The distillate 7 of the second distillation column 14 still has, for example, at a 

temperature of 125°C, an ethanol concentration of 85 wt.% and a water concentration of 15 
wt.%. In the method of the invention, even at about 80 wt. % ethanol in the distillate 7 of the 
second distillation column 14, compared to the 90-95 wt.% ethanol that is necessary in 
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conventional methods, a final dehydration can be carried out by a membrane separation 
process. 

[0038] For this purpose, the distillate 7 of the second distillation column is fed to a 

group 17 of three (in the present example) parallel-connected membrane modules 18, 19, 20. 
The retentate 9 that emerges after the membrane filtration, especially a vapor permeation, 
constitutes the final product, namely, highly pure ethanol with a water concentration of only 
0.2 wt.%, and possibly as low as 0.05 wt.%. After cooling through the heat exchanger 12 to 
preheat the retentate 2 that is being fed into the first distillation column 13, the final product 
(product) is available. 

[0039] The membrane modules 18-20 can be operated in a sweep technique. For this 

purpose, a certain amount of the retentate 9 that constitutes the final product is returned to each 
of the membrane filter modules 18-20, through which it flows as a flushing stream. This 
portion of retentate is mixed with the permeate that forms to form a mixture 10, which has an 
ethanol concentration of, for example, 57.2 wt.% and a water concentration of 42.8%. The 
mixture 10 is condensed in a vacuum in a heat exchanger 21 and returned by a pump (not 
shown) and possibly via a collecting tank to the second distillation column 14 for separation. 
The heat exchanger 21 utilizes the waste heat of the water, which is the only bottom product 8 
of the second distillation column 14 and is cooled, for example, to 30°Cby this heat exchange. 
[0040] The method shown in Fig. 2 is used to carry out a distillation and dehydration of 

ethanol from a feed beer mash (beer feed) 31, which has the same composition as in the first 
embodiment. 

[0041] A separation into a retentate 32 and a permeate 33 is carried out in a membrane 
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separation station 41. The retentate 33 is heated to about 115°C by two heat exchangers 42, 43 
and/or a top condenser of a first distillation column 44 and then fed into this first distillation 
column 44. 

[0042] Beer mash concentrated in the first distillation column 44 is partly returned as 

bottom product 35 to the first distillation column 44 via a heat exchanger 45, so that the first 
distillation column 44 can be optimally operated (reboiler). Excess bottom product 35 is 
removed from the process. 

[0043] The permeate 33 and the distillate 34 of the first distillation column 44 are fed 

together as a mixture 36 into a second distillation column 46. 

[0044] In the second distillation column 46, a portion of the purified water is returned 

directly to the second distillation column 46 after evaporation in a heat exchanger 53 (reboiler), 
and excess water (water) 38 from the second distillation column 46 is removed via a heat 
exchanger 42. Another split stream 55 of the purified water is evaporated in a heat exchanger 
52 and is then used as operating material of the second distillation column 46. In this regard, 
the heat exchanger 52 serves as a reboiler of the split stream 55 of purified water. The 
distillate 34 of the first distillation column 44 condenses in the process. 
[0045] The mixture 36 of the distillate 34 of the first column 44 and the permeate 33 of 

the membrane separation station 41 of the feed 31 is fed at a high temperature (but as a liquid 
phase close to the boiling point) into the second distillation column 46 via a heat exchanger 54, 
especially a condenser, which is located directly before the column feed inlet 56. Excess heat 
resulting from the evaporation of the liquid in the first distillation column 44 can be removed 
from the process by the heat exchanger 54 and made available elsewhere. 
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[0046] A split stream 57 of the distillate of the second distillation column 46 is returned 

(reflux) to the second distillation column, while the main stream is fed into a group 47 of 
membrane modules 48-50 through a superheater 51 . 

[0047] The membrane modules 48-50 are again operated by a sweep technique. For 

this purpose, a split stream of the retentate 39 that constitutes the final product is returned to 
each of the membrane filter modules 48-50, through which it flows as explained above, and is 
returned to the second distillation column 46 as a mixture 40 with the permeate that forms in 
the membrane modules 48-50. 
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